ABSTRACT
INTRODUCTION
The structure strength is an important signal to response the load bearing capability of the elevating equipment.Crane hook is a curved bar and is used for lifting loads in cranes. In order to reduce structure failure of crane hook, induced stress in crane hook is analyzed properly. Fatigue damage is the initiation of a crack due to fluctuating loading. It is caused due to stress levels which are insufficient to cause damage in a single application [1] . It is highly responsible and important component being used for industrial works. It is a hoisting fixture manufactured and designed to engage a link of a chain or ring or the pin of a cable socket or shackle and safety guidelines must be followed [2] . In the present work, study of different candidates of crane hook of trapezoidal cross section based on design parameters are carried out and weight optimization is carried out by varying the design parameters. The present study shows the deformation and fatigue life contour plots of crane hook using Ansys Workbench and Ansys nCode DesignLife. stress are either linearly (Goodman) or parabolically(Gerber) related [3] . The material with percentage elongation greater than 5% is ductile in nature and material with percentage elongation lesser than 5% is brittle in nature [4] . The material selected has elongation greater than 5% and is ductile in nature [5] .Therefore the theory considered is Gerber which is best suited for ductile materials [6] .
Stress Combination Method:
The analysis cell creates a stress tensor history [7] ,
But for fatigue calculation, this stress tensor should be reduced to a scalar value, so that it can be cycle counted and the resulting cycles can be compared to an S-N curve or curves. This method is called Stress combination. Signed von mises is the stress combination method used which is same as Von-mises but it takes the sign of absolute maximum principal stress [7] , i.e.,
Where, σ SVM = signed von-mises stress. σ AMP = absolute maximum principal stress. σ 1 , σ 2 , σ 3 = principal stresses.
Von-mises criterion is used for estimating the failure of ductile materials [8] . As the equivalent stress given by the von mises criterion is always positive and lacks direction, it cannot identify compressive mean stresses. In order to overcome these drawbacks, signed von-mises is used [7, 9] .
Surface Effects:
Surface treatment and finish can have a remarkable effect on fatigue strength. The fatigue strength in general is reduced due to machining marks i.e., rough surface finishes, whereas surface treatments are applied to improve the fatigue strength. Designlife considers the effect of surface treatment and finish together as one Surface Factor (K sur ). This surface factor is applied for the adjustment of the material curve and it is the product of three factors [7] :
Where,K treatment = surface treatment factor K user = user surface factor K roughness = surface roughness factor Both K treatment and K user are taken as 1 [7] .K roughness is based on the strength and type ofmaterial. The average surface roughness value (R z ) for forging production methods is, R z =6.3µm [10] . Roughness factor (K r ) is given by [7, 11] : &R m,N,min = 400 [7] .Therefore, value of K r obtained is 0.871.
LITERATURE SURVEY
Spasoje Trifkovic' et al [12] worked on the stress state in the crane hook using exact and approximate methods. Stresses are calculated in various regions of the crane hook material by assuming crane hook as a straight beam and curved beam. Torres et al [13] worked on the causes which led to failure of the crane hook in service. This study shows the simulation of the thermal history of the hook and explains the standards governing the manufacturing. Nishant soni et al. [14] studied the optimization of low carbon steel for its self-weight and the component load. Objective of study was the optimization of the mass of crane hook under the effect of static load but no considerations of fatigue life are made. Finite element analysis (FEA) is used for the shape optimization of crane hook and validation of final geometry. Geometry and manufacturing constrain are also considered during optimization process and results show that optimized crane hook is 14% lighter than the original crane hook. Pradyumnakesharimaharana [15] estimated crane hook dimensions for various cross sections topology. This study shows that the trapezoidal cross section is least stressed.Mr. A Gopichand. Et al. [16] studied taguchi method that can be used for optimization of crane hook. In this work, three design parameters are considered and made mixed levels a L16 orthogonal array. Von-mises stress is determined for different combinations of input parameters and an optimum combination of input parameters for minimum Von-mises stress is considered. No consideration of fatigue life results of the component is made.Several attempts have been made in this field to achieve the objective of weight optimization. As per literature available, there is a lot of scope of weight optimization and cost reduction of crane hook by varying the design parameters on the basis of deformation contours and fatigue life results using finite element method (FEM).
CRANE HOOK MODELLINGAND MATERIAL SELECTION

Hook Modelling Using Solid works:
Curved bars are frequently subjected to axial or bending loads or a combination of both axial and bending loads [17] . The actual stresses in case of curved bars may be many times greater than that for straight bars. Computer Aided Design (CAD) is the very first stage of any project and the shapes drafted in CAD software will be considered in Finite Element Analysis (FEA) software for analysis. The design of crane hook is made in Solidworks. The dimensions of cross-section of the actual design of crane hook are given in the 2D drawing shown in fig. 1 . The CAD model of crane hook is shown in fig. 2 .The CAD model of crane hook is saved as a parasolid format with a file extension .x_t. This parasolid file is imported to Finite Element Analyses (FEA) software Ansys for structural and fatigue analysis. 
Material Assigned
In the present work, the material selected is AISI 4340 150. Along with the mechanical properties of AISI 4340 150, some fatigue parameters are also listed in the table 1. For this material, Numerical fatigue cutoff life is 1E8 i.e., damage due to fatigue will be assumed zero beyond this numerical fatigue cutoff life [7] . 
STRUCTURAL AND FATIGUE ANALYSIS USING ANSYS WORKBENCH AND ANSYS NCODE DESIGNLIFE
Static Structure Analysis
The first step in simulation process for structure analysis is to assign the material, apply boundary conditions and then generate mesh. A load of 30 ton is applied and the degree of freedom (DOF) of top of the crane hook is zero i.e., it is fully constrained as shown in fig. 4 .Contour plots of equivalent (von-mises) stress and total deformation for actual design are shown in the fig. 5 (a) and 5(b) respectively. Table 2 . shows the mass, equivalent(von-mises) stress and total deformation results of the different candidates obtained.
The main objective of this study is weight optimization. Therefore, the objective importance of mass is considered higher. Based on this, best three candidates are selected out of the 24 candidates shown in table 3. The contour plots of equivalent (von-mises) stress and deformation for the best three candidates obtained are shown below.Colour scale in the deformation contour plots shows the variation in the deformation. It is observed that maximum deformation occurs at the endtip section of the cranehook which is shown red in colour. The values of deformation achieved are very less and practically acceptable. Colour scale in the stress contour plots shows the variation in the equivalent (von mises) stress. It is a key for identifying areas of potential concern in a model. The regions bearing the maximum stress shown red in colour and regions of the crane hook bearing little or no load are shown blue in colour. A slight increase in the deformation and stress levels as compared to the actual model is noticed but it is safe and practically acceptable.
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Fatigue Analysis
Fatigue analysis is carried out for the actual model and the best 3 candidates obtained and two fatigue contours are plotted. The two contour plots are fatigue life and fatigue damage. In the present study, the type of load mapping used for fatigue analysis is constant amplitude load mapping. Constant amplitude load mapping assumes FE stress/strain results to cycle between minimum and maximum values. The nCode DesignLife SN constant amplitude load mapping engine is drag onto the solution cell of themechanical system to generate file.rst file which reads node & element information and FE stress/strain results as shown in fig. 9 . 
Fatigue Analysis Results
The available life for a specified fatigue analysis is given by the fatigue life contour plot. 
CONCLUSION
In the present work, the geometry of the crane hook is modelled and finite element analysis (FEA) is applied on the model. The results of static structure analysis are obtained from the FEA software Ansys for different cross sections. In this study, we finally conclude that out of 24 candidates obtained, 3 best candidates are considered on the basis of minimum weight criteria. As a result, weight of crane hook is reduced for the same load. This will help in cost reduction and balance economy. Fatigue analysis is performed on thefinal 3 candidates using Ansys nCode Designlife. As a result, 1 candidate is selected on the basis of fatigue analysis having maximum fatigue life and it is compared with the actual crane hook model as shown in table 5. 
